This paper deals with the large-signal analysis of nondegenerate p-n junction varactor diodes. Expressions are obtained for the harmonics of the varactor diode current when driven by a sinusoidal voltage signal. The special case of relatively small input amplitudes is considered and the results are compared with previously published results.
INTRODUCTION
Nondegenerate p-n junction diodes are widely used for microwave harmonic generation. Of particular interest here is the variable capacitor diode, or varactor, which is the most commonly used nondegenerate p-n junction diode [1] .
It is well known that the dynamic junction capacitance of a reverse-biased p-n junction can be expressed by [1] C C (Vo + (1) where Vo is the magnitude of the contact potential barrier, VR is the reverse-bias voltage, Cb S//qNae/2, S is the cross-sectional area of the diode, q is the electronic charge, N d is the donor density in the n-type semiconductor, and e is the permitivity of the depletion layer in the junction of semiconductor. If a reverse-bias voltage of the form vR= VRo + Vs sin t%t (2) where VRo is the dc reverse-bias voltage and Vs is the amplitude of a sinusoidal voltage with frequency t%, is applied across the capacitance, then combining (1) and (2) Therefore, the capacitor current will contain harmonics of the input frequency.
However, (7) in its present form cannot be used for predicting the amplitudes of these harmonics. Therefore, Ishii [1] specialized his interest in the small signal conditions, under which the nonlinear terms of (7) can be expanded in Taylor series. By truncating these series after the second terms and assuming that the input voltage amplitude is relatively small, Ishii [1] Fig. 2(a), (b) , it is easy, following the procedure described by Kreyszig [2] , to show that the coefficients /o, "k, rig, o, k, and [k can be expressed by [3] 'o 1 q--Z202 -I- (cos(2/+ 1)to,t + cos(2/-1)to,t)+ x "q J+ 
'IT g k n-1 
